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and Dohan examined the pancreatic rem-
nants of rats that had had pronounced hyper-
glycemia for from 2 weeks to several months
following partial pancreatectomy and found
almost no damage?' In similarly treated
animals hyperplasia instead of damage was re-
poried by Friedman and Marble2?2 The
same type of change was observed after the
administration of anterior pituitary extract.®
In order to produce glycosuria consistently in
the rat with anterior pituitary extract, partial
pancreatectomy is necessary,?® although
adrenal steroids cause temporary insulin re-
sistant diabetes.>* However, Peterson has re-
cently reported complete degranulation of rat
islet beta cells within 15 minutes of the intra-
cardiac injection of 3.0 g of glucose/kg.28
This lasts 48 hours and is associated with
temporary impairment of glucose tolerance.
Similar but less consistent degranulation was
found after one intraperitoneal injection of
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glucose in the guinea pig by Gomori et al.2¢

In canine anterior pituitary diabetes, pro-
liferation of the islet cells may precede the
exhaustive or degenerative changes which ac-
company the onset of permanent diabetes.?’
Our observations indicate that the carbohy-
drate tolerance increased with each increase
in feeding, glycosuria decreasing when the diet
was maintained at a level which had initially
caused moderate sugar excretion. This adap-
tation is evidently implemented by islet hyper-
plasia. Although it might be possible to pre-
vent hyperplasia and produce islet damage
by increasing the volume of food more rapidly
this would probably be difficult without caus-
ing fatal “food-shock.” It is conceivable that
some relatively small additional stimulus, per-
haps the administration of anterior pituitary
extract or adrenal steroids, might have pro-
duced exhaustion of the islets of our rats.
Older rats may be more susceptible.s

Summary. Degranulation of beta cells of
the pancreatic islets and islet hyperplasia have
been observed in rats which were force-fed
large amounts of high carbohydrate, otherwise
balanced diets for periods of as long as 8
weeks. Glycosuria and, in rare instances,
ketonuria occurred.
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17175. Inorganic Aging of the Plasma Layer of Tissue Cultures.

Joun H. Hanks.

From the Leonard Wood Memorial, Department of Bacteriology and I'mmunology,
Harvard Medical School, Boston, Mass.

The problem of maintaining mammalian
cells in vitro for long intervals in an original
or lightly patched plasma base may be broken
down into two aspects: (a) the avoidance of
calcification during the usual transfer inter-
vals of two to four weeks and (b) the prob-
lem of an inorganic aging which complicates

more prolonged maintenance. Though the
control of calcification difficulties during
the usual transfer intervals seems feasible by
the measures summarized in the preceding
paper,! solution of the long-term problems

1 Hanks, J. H., Proc. Soc. Exp. BroL. AND MED.,
1949, 71, 328,
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arising from inorganic aging appears more
formidable.

It is a classical observation that even in
the absence of evident calcification the plasma
layer of cell cultures gradually becomes less
and less favorable to cell growth. Simms and
Stillman® have presented evidence that tryptic
digestion removes from adult tissues and from
the plasma of cell cultures an inhibitor having
some of the properties of calcium phosphate.
It is also known that inorganic gels undergo
changes in viscosity, pH, extinction coeffi-
cients, and other physical properties during
aging. These changes can be explained in part
by preferential liberation and adsorption of
ions, that is by ionic exchange.® Particularly in
circumstances where a gel is in contact with
supernatant fluids which are changed re-
peatedly, the concentration of preferentially
adsorbed ions will become radically different
from the ionic analysis at the moment the gel
is formed.* Such procedures are an inherent
feature of the long-term tissue culture tech-
nics.

It is the purpose of the present communi-
cation to present evidence concerning the ad-
sorption of calcium by the plasma layer of
tissue cultures and the difficulty of decalcify-
ing this substrate. Methods have been sum-
marized in the preceding paper.!

Experimental observations. The firmness
with which calcium and phosphates are ad-
sorbed to the plasma layer became apparent
as the result of attempts to remove opacity
from cell colonies and plasma which had be-
come calcified. This opacity could not be
diminished by using supernatant media pre-
pared by diluting the serum and embryo juice
in salt solution lacking both Ca and P or by
prolonged depression of pH during cultiva-
tion within physiological limits of H ion con-
centration. Incorporation of 0.1 to 0.2%
sodium citrate in media of minimal Ca and P
levels or in mildly acidified washing solutions
killed the cells without clearing the plasma.
Direct extraction with N/100 HCI in the
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balanced salt solution or weaker acids in the
balanced salt solution likewise failed to clear
the plasma before the cells were irreparably
damaged. The deposits were rapidly removed
by N/10 HCl, which was fatal to cells. Opti-
mal cell survival followed rapid clearing of the
plasma in N/40 HCI in the salt solution for
5 to 20 minutes as required. Since the com-
plicated procedure required to effect this result
and obtain prompt neutralization without
cell damage is not to be recommended,* these
observations are summarized only in order to
illustrate the fact that the Ca adsorbed by the
plasma is not brought into solution by com-
plex-forming anions such as citrate and is
liberated only by ionic exchange with fairly
high concentrations of H ion.

Other evidence of the role of ionic exchange
in the inorganic aging of plasma was obtained
from data on the increased deposition of Ca
in the plasma layer during repeated renewal
of cultures with supernatant fluids which do
not produce calcification within the usual
transfer intervals. After 6 weeks of cultiva-
tion in media composed of human serum 40%
and beef embryo juice 4% diluted in the
salt solution containing Ca 5 mg% and P 2.2
mg% (six renewals) the slightly opalescent
plasma layers of 10 cultures were rinsed and
extracted with N /10 HCl. Analysis revealed
that this plasma contained from 24 to 40
mg% of Ca, i.e., three to five times the original
concentration of Ca in the plasma.

When: the same formula (sera 40%, embryo

* A more practical procedure is the complete re-
moval of opaque plasma by digestion with 0.5%
trypsin or pancreatin in the salt solution at pH
7.8. This process must be watched carefully nd
stopped before the naked cells, which retract
around the explants, are washed away (all liber-
ated fibroblasts appear to be damaged). Sinee di-
gestion is never completed simultaneonsly in all
cultures, the simplest procedure is to replace the
digestion mixture in each culture with two drops
of 50% plasma at the appropriate moment, to ex-
hale alveolar air to depress the pH, and to stopper
quickly. The liguid plasma should be rolled around
the culture vessels several times and then be
allowed to cover the explants and establish a bond
with the wet glass before the third drop of medium
or coagulant is added to induce simultaneous co-
agulation in all cultures thus accumulated.
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juice 4%) is prepared in salt solution lacking
both Ca and P, it contains approximately one
half the usual levels of these elements. Though
this solution delays the darkening of the cen-
tral portion of transplants, there is no deficit
in calcium compounds, and the central trans-
plants eventually become opaque to transmit-
ted light. This solution is superior to the
usual formula for prolonged maintenance of
cells in a plasma base.

Discussion. The demonstration of a 5-fold
increase of Ca ions in a plasma base follow-
ing serial renewals of a supernatant fluid, and
of the necessity of hydrogen jons for its re-
placement, indicates that the plasma sub-
strate in cell cultures is the site of an ionic
exchange. A more complete analysis could be
expected to show that not only Ca but also
other preferentially adsorbed ions tend to re-
place less tightly bound but physiologically
important ions. It may be inferred that cells
maintained in an original or lightly patched
plasma base spend a considerable portion of
their existence in an inorganic environment
quite different from what is intended and that
the inorganic composition of renewal super-
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nates might be improved by altering radically
the ionic balance now normally present in
fluids prepared from complex nutrients. It is
also evident that. existing data on the role of
different ions in plasma cultures may require
re-evaluation by culture methods which ex-
pose the cells directly to the fluids being
studied.

The present data would appear to confirm
the observations of Simms and Stillman? on
the nature of at least one of the inhibitors
which occur in plasma and adult tissues and
is capable of being removed by tryptic diges-
tion.

Summary. The adsorption of calcium phos-
phate complexes to plasma substrates, and the
conditions required for their removal, indicate
that the plasma gel is the site of an jonic ex-
change in which preferentially adsorbed ions
may greatly alter the desired ionic balance.
This process is one of the factors which causes
plasma to become growth inhibitory during
prolonged maintenance of cells in this type
of substrate.
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It was shown by this study that the average
lethal dose of insulin is smaller in force-fed
depancreatized rats than in normal rats.

Methods. Male rats of the Sprague-Dawley
strain were maintained on Archer Dog Pellets
prior to the beginning of the experiments. At
a weight of 310-320 g, some of the animals
were subjected to a single-stage pancreatec-
tomy?! in which all but tiny remnants lying be-
tween the duodenum and bile duct were re-
moved. After the rats recovered from the
operation, they were placed in metabolism

cages and were adapted to the force-feeding?
of a medium carbohydrate diet (Table I) in
amounts of 13 cc each morning and late
afternoon. The urines were collected at 8:00
to 8:30 AM. each day and were preserved by
thymol. Urinary glucose was determined by
the method of Benedict.3

Experiments and results. Severely diabetic
rats were selected for these experiments. The
average amount of glucose excreted by the 18
depancreatized rats used in this study was
6096 mg per day. The amount of glucose es-

11Ingle, D. J., and Griffiths, J. Q., Jr., Chapter
16, The rat in laboratory investigation. J. B. Lip-
pincott Co., Philadelphia, 1942,

2 Reinecke, R. M., Ball, H. A, and Samuels, L.
T., Proc. Soc. Exp. BioL. AND MED., 1939, 41, 44.
3 Benedict, S. R., J.4.M.4., 1911, 57, 1193,



